Introduction
contrast, the flanking intron lengths effectively demarcate AUG circRNA and conserved circRNAs 155 from host gene exons (Fig. 2F) , which is also supported by the analysis of AUG circRNAs in mouse 156 ( Supplementary Fig. 5B ). Based on the observations that AUG circRNAs are more conserved and inserted part of the upstream intron downstream of the splice donor (Fig. 4B) , which results in clean 218 and efficient expression of circLPAR1 exhibiting RNAse R resistance (Figs. 4C and D) . coding ability of circLPAR1 was determined by the insertion of an eGFP tag just upstream of the stop 220 codon in the putative ORF (Fig. 4B) . Here, detection of the tags would only be possible if translation 221 proceeds across the BSJ. First, we tested whether the insertion of eGFP would impede or alter the 222 circularization of circLPAR1. As expected, the circLPAR1-eGFP shows changed migration but remains 223 RNase R resistant (Fig. 4D) . Then, we over-expressed the untagged and GFP-tagged variants of 224 circLPAR1 in HEK293 cells and performed fluorescent microscopy and western blot analyses, 225 however, in both cases we were unable to obtain any signal (Figs. 4E and F) . Based on AUG circRNA, Collectively, this suggests that these specific circRNAs are not subjected to translation under normal 231 conditions in HEK293 cells.
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In a parallel experiment using the largeT antigen transformed HEK293T cells, which normally show 233 higher expression of ectopic transgenes, we surprisingly observed a faint GFP-positive band on the 234 western and few GFP positive cells when overexpressing circLPAR1-eGFP. However this was seen As shown above, AUG circRNAs are generally more conserved across species than other circRNAs 247 (i.e. more often found in mouse as a circRNA). If the functional relevance of these AUG circRNAs is 248 to encode protein, features specific for translation should also exert increased conservational 249 restraint. We focused this analysis on the AUG circRNAs within the top1000 expressed circRNAs 250 from the ENCODE analysis, and used the AUG-containing exon from 'other circRNA '-associated host-251 genes (termed the 'AUG exon') to include exons with comparable expression level but without any 252 evidence of circularization as a control. 253 In theory, the circular topology allows for infinite ORFs without stop-codons. However, this is only 254 predicted for a very small subset of AUG circRNAs (8% in both human and mouse, Supplementary Fig. 5A) . Next, to elucidate whether the increased conservation coincides with a putative ORF from 265 the annotated AUG across the BSJ and into the 5'UTR, we determined the relative conservation of 266 predicted stop-codons. As a positive control, we included the annotated stop-codon from the 267 circRNA-derived host-genes (termed 'Host mRNA') in the analysis. Based on phastCons scores 268 obtained from the UCSC genome browser, the relative conservation of stop-codon vs downstream 269 triplet was plotted (Fig. 5B) between the wobble position and the two other bases is observed, not even for the conserved 279 subset of AUG circRNA (Fig. 5C) , supporting the preliminary conclusion that the coding properties 280 of AUG circRNAs are not conserved. Consistently, similar analyses on the murine repertoire of AUG 281 circRNAs produce almost identical results (Supplementary Figs. 13A-C In general, the distance from the 5'end of footprinting reads to the ribosome P-site (P-site offset) is 293 12 nts (Ingolia et al. 2009; Bazzini et al. 2014) , however, for shorter and longer reads this offset 294 varies (Dunn and Weissman 2016) . Moreover, we noted that there was a large degree of p-site offset 295 variation between samples, and consequently, we initially analyzed each sample individually by 296 mapping all the 25-35 nt reads onto the GAPDH and ACTB (beta-actin) mRNAs. For each read-length, 297 we determined the amount of on-frame P-sites for 12, 13, and 14 nts offsets and the associated p-298 value by binomial test (see example in Supplementary Fig. 14) , which was used as a measure of 299 dataset fidelity. Thus, in all samples, the efficiency by which each read length (25-35 nts) is able to 300 demarcate translation from noise was determined (Supplementary Fig. 15 ). Here, for both species, 301 the 28-31 nt reads show the highest abundance and fidelity (Supplementary Fig. 16 ).
We then applied the reads to circRNAs using the 5'offset with the lowest p-value in the above 303 analysis. To evaluate translation of circRNA, the BSJ is the only circRNA-specific sequence. Therefore, 304 we concatenated the circRNA exons on all the top 1000 expressed circRNAs from the ENCODE data 305 to display the BSJ in a linear manner compatible with short read mapping. As above, we also included 306 the AUG-containing exon from 'Other circRNA'-derived host genes ('AUG exon'), as well as 307 'ambiguous AUG circRNAs', i.e. circRNAs derived from ambiguous host-gene isoforms of which at 308 least one is annotated to contain the AUG start site (see schematics on Fig. 6A) . By plotting the 309 distribution of reads across the BSJ, only a small fraction of reads spans the BSJ compared to the 310 immediate upstream regions (Fig. 6B) . However, in contrast to previous reports (Guo et al., 2014; 311 You et al., 2015) , there is a notable fraction of BSJ-spanning reads defined here as P-site position 312 from -8 to +6 relative to the BSJ ( 
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17A and B). Now, when considering the likelihood of each read to actually derive from translating 318 ribosomes, only ~20% of BSJ-spanning reads are from high quality samples (with fdr<0.01), whereas 319 ~70% of the upstream-derived reads are of high quality (Fig. 6C) . This suggests that across the BSJ, 320 the quality of ribosome profiling data is of particular high relevance and that noise consumes most 321 of the BSJ-spanning reads. This difference in quality is corroborated in mouse although here the 322 difference in quality is less pronounced (Supplementary Figs. 18A-C) . Nonetheless, to address 323 translation across the BSJ, we filtered out the low quality reads (fdr>0.01) and used the remaining 324 reads to determine whether phasing in accordance with translation of the putative ORFs is evident. 325 Here, we simply counted the number of reads in-frame and out-of-frame on the 5 codon BSJ-326 spanning stretch and compared this to a 5 codon stretch immediately upstream the BSJ. For all 327 subtypes of circRNA ('AUG circRNA', 'Ambiguous AUG circRNA', and 'Other circRNA') a roughly equal 328 distribution of reads between all three frames is observed across the BSJ, whereas for the upstream 329 region, approximately 50-60% of reads are in-frame, both for humans and mouse ( Fig. 6D and   330 Supplementary Fig. 18D ). This strongly suggests that the AUG circRNAs as a whole, or any of the 331 other circRNAs for that matter, are not subjected to translation as evidenced by RiboSeq analysis.
However, it is likely that a small and restricted subset of circRNAs is acting as templates for 333 translation, and therefore the signal from these drown in the noise from others. To evaluate this, 334 we analyzed all top1000 circRNAs with at least 10 BSJ-spanning RiboSeq reads individually. Here, in 335 humans only circUBXN7 -an ambiguous AUG circRNA for which the annotated host gene has 336 multiple start codons -shows an enrichment of in-frame reads although not significant when 337 evaluating unique reads only (fdr (unique reads)=0.057, fisher's exact test, Fig. 6E , unique reads 338 shown in parentheses). Similarly, in mouse, no significant phasing of unique reads is observed across 339 the circRNA BSJ (Supplementary Fig. 18E ). Table 6 ) at 55 °C O/N. The next day, the membrane was washed twice in 2 x SSC, 0.1 % SDS for 5 413 minutes and twice in 0,2xSSC, 0,1% SDS for 15 minutes. All washes were carried out at 50°C. Finally, 414 the membrane was exposed on a phosphoimager screen and analyzed using Quantity One ® or Repeatmasker tracks (hg19 and mm10) were used. Here, the 20 most proximal but flanking Alu elements were retrieved irrespective of intron-exon structure on either side of the circRNA, and 471 based on these, the closest possible inverted pair was determined.
472

HITS CLIP analysis
473
For HITS-CLIP analyses, reads were adaptor-trimmed using trim_galore and barcodes were 474 subsequent removed. The reads were pair-wised mapped on to the human genome (hg19) using 475 bowtie2 using default settings, and mapped reads were extracted using samtools. Reads mapping 476 in the flanking introns within 1000bp of the back-splicing splice-sites were counted and compared. Supplementary Figs. 14-16 ). The offset with the lowest mean p-value (obtained from GAPDH and 499 ACTB) was used for each given read-length in a given sample. All reads were then mapped to 500 concatenated mature circRNA sequences with bowtie allowing no mismatches using the following 501 arguments: bowtie -S -a -v 0. The offset from the quality assessment on GAPDH and ACTB was used 502 to obtain p-site position. P-sites within [-8;6] The AUG-containing exon from non-AUG ('AUG exon') circRNA host-genes. The plot is color-scaled 581 according to the associated read-class p-value (See Supplementary Figs. 14 and 15) . The grey box 582 denotes the defined P-site position of BSJ-spanning reads, from pos -8 to +6 relative to the BSJ. C) Based on all BSJ-spanning reads (P-sites from -8 to +6 relative to BSJ) and upstream reads (-31 to -584 17 relative to BSJ), the p-value distribution based on RiboSeq quality assessment is shown. D) 585 Phasing of reads across BSJ. Here, based solely on high quality reads (p<0.01), the fraction of P-sites 43.0%
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